The detection of abnormalities in stochastic textures is a challenging task in comparison to locating faults in replicated texture images. This Letter demonstrates a technique based in the spatial and feature domains and detects abnormal formulations across the surface of randomly-textured images. The technique is based on colour clustering followed by structural processing with morphological operators.
Introduction
Fault inspection in granite or marble surfaces entails the analysis of complex colour texture images. Song et al 1, 2] proposed a two-tier colour clustering technique in which the image pixels are segregated into a large number of colour clusters in the RGB space, where the noise can easily be assumed to be homogeneous; these are subsequently associated to form super-clusters according to their proximity in the Luv space, which is assumed to be perceptually uniform, but with inhomogeneous noise. The pixels of each chromatic class are then agged to create a binary array. This way the originally complex coloured image is analyzed into a stack of binary images, one per perceived chromatic class. Each binary image consists of a set of blob-like objects, and it is subsequently analysed for structural defects in the spatial distribution of these blobs. The method proposed in 1] relied on the calculation of some statistical properties of these blobs which could not be calculated reliably. The method turned out to be far too sensitive to the choice of thresholds.
In this letter we propose an alternative method for the structural analysis part of the algorithm which was extensively tested on several real images and proved to be stable and reliable.
2 Iterative Morphology
Mathematical Morphology uses concepts from set theory to manipulate the shapes of objects in the domain of image analysis. Morphological processing has been used in 3] for the recognition of surface defects on ceramic tiles. Their techniques are designed to detect defects on plain, nontextured surfaces. The use of morphological processing is very common for the extraction of objects on backgrounds of considerable contrast. Our use of mathematical morphology follows the same principle. However, our use is for the nal stage of our algorithm in which we apply simple morphology to binary data formed from separated colour clusters in highly randomly-textured images. Thus, we present a solution to the problem of defect detection in a "cluttered scene".
Let us consider that we have an image with a defective blob, which although has the right colour characteristics, it is larger than the other blobs of the same chromatic class. By performing iterative erosion on each cluster (binary image), the cluster containing the defective blob will require a greater number of iterations for the blobs to disappear completely, in comparison to its corresponding counterpart cluster from the training stage. This number of iterations and the di erence in the number of pixels between successive iterations will determine if there is a fault.
Since information on each blob in each cluster is available, we can backtrack to determine the exact location of the defective blob(s) in the corresponding cluster(s). In the reverse situation when the defect is smaller than the general texture features, iterative dilation will detect the fault. In practice, on each binary image we perform two iterative erosions, one with a white and one with a black structuring element and note each time the parameters before the eroded pattern disappears entirely. 
Conclusion
The iterative morphology scheme described in this Letter provides an e cient mechanism for detecting blobs of abnormal sizes in randomly-textured images. Although the structural analysis proposed in 1, 2] was designed to be able to detect many more structural defects, it was proved to be too sensitive to the thresholds and unnecessarily complicated, as most of the types of defects it could detect detect appeared either very rarely or never in the granite images. Even though the algorithm proposed here is restricted to the detection of over or-under-sized blobs, it had 100% success rate in fault detection when tested on our database of 60 images, while at the same time was not too sensitive to the choice of the various thresholds. We believe it is suitable for random textures with defects that have an acceptable colour, thus they pass the rst stage of the chromatostructural algorithm concerned with the colour analysis of each image, but have sizes greater or smaller than the sizes of similar blobs in the the general underlying texture. We expect to reduce the computational time when the system is implemented on a parallel processing architecture. 
